ABSTRACT BACKGROUND: Faced with competition from other drugs and therapies, drug manufacturers may be able to use comparative effectiveness research (CER) to help reduce barriers to a new drug's adoption and integration into formularies. But few examples exist to show how CER can be used effectively and whether the data can make a difference.
T reatment of type 2 diabetes mellitus includes several classes of drugs with multiple agents in each class that are generally safe and effective, yet the proportion of patients at goal is suboptimal. There still remains an unmet need for drugs to treat type 2 diabetes with better overall riskbenefit profiles, especially in light of the weight gain and hypoglycemia frequently seen with some commonly used agents.
As Saydah et al. (2004) point out, only 37% of diagnosed diabetic participants were at the American Diabetes Association goal of hemoglobin A1c level of less than 7.0% in the 1999-2000 NHANES cohort, but this improved to 57.1% in the 2003-2004 NHANES sample. 1, 2 Successful introduction of a new drug into this market requires data that the new drug can demonstrate an improvement upon existing therapies for at least some portion of the population.
Comparative effectiveness research (CER) may help reduce barriers to a new drug's adoption and integration into formularies. But according to Hochman and McCormick (2010) , who evaluated all human studies published between June 2008 and September 2009 in 6 key general and internal medicine journals (New England Journal of Medicine, Lancet, JAMA, Annals of Internal Medicine, BMJ, and Archives of Internal Medicine), most of the published research does not fulfill the criteria of CER, and much of the study design is driven by U.S. Food and Drug Administration (FDA) requirements rather than the need for evidence allowing the selection of the most effective therapy. 3 At the October 2010 Academy of Managed Care Pharmacy (AMCP) meeting, a payer executive roundtable was convened, comprising 9 representatives from a broad spectrum of health plan types, including Medicaid, those providing Medicare
• For FDA registration in the United States, it is common to demonstrate efficacy of a new product by comparing the new product with a placebo rather than using head-to-head comparisons with clinically relevant alternatives. Without a requirement for clinical trials using active comparators, many manufacturers opt to avoid the extra expense and risk of unfavorable results in these types of studies.
• Comparative effectiveness research (CER) may help reduce barriers to a new drug's adoption and integration into formularies. The safety and efficacy of liraglutide were investigated in an extensive clinical development program in adults with type 2 diabetes and showed that the benefits from the drug outweighed the risks.
What is already known about this subject
• It was a consensus of the 9 roundtable participants that wellplanned trial designs that result in a broad range of relevant data, such as that presented for liraglutide, can provide a good basis for the decision maker.
• Even if a drug comes to market with a solid set of CER data, roundtable participants felt that additional post-launch comparative data, such as studies showing how the drug might benefit subpopulations or studies pursuing alternative combination therapies or other comparators, might even strengthen the case for the drug.
• The roundtable participants recommended that manufacturers should translate CER and clinical data into tools that will enable decision makers to create effective benefit designs and make good formulary decisions; that manufacturers be proactive in communicating with all stakeholders to keep them informed of ongoing data (especially with safety issues); and that manufacturers should pursue opportunities to validate data from randomized controlled trials in the real world.
What this article adds
drug, especially an innovative drug, may provide the compelling data necessary to persuade decision makers. For FDA registration in the United States, it is common to demonstrate efficacy of a new product by comparing the new product with a placebo using a pivotal phase 3 trial. 5, 6 Headto-head comparisons with clinically relevant alternatives are not done in most cases. Without a requirement for CER-based studies, manufacturers may opt to avoid the extra expense and risk of these types of studies. However, some manufacturers are beginning to see value in such studies, especially if the data shows formulary decision makers that the new drug presents a clear advantage in at least some populations.
Safety and Efficacy of Liraglutide.
The safety and efficacy of liraglutide were investigated in one of the most extensive clinical development programs ever conducted in type 2 diabetes. [7] [8] [9] [10] [11] [12] [13] The phase 3 clinical trials for the drug included 4,445 patients and comprised 5 randomized, placebo-controlled, double-blind trials plus 1 open-label trial (liraglutide vs. exenatide).
14 There was 1 monotherapy study of liraglutide versus the sulfonylurea glimepiride of 52-week duration and 5 combination-therapy studies of 26-week duration.
7-12 All 6 trials were randomized, multicenter, parallel-group design, and all trials were doubleblinded except the metformin plus glimepiride add-on trial, which included open-label insulin glargine and the metformin and/or glimepiride add-on open-label trial versus exenatide.
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In addition, the monotherapy trial and the combination therapy trials with metformin or glimepiride add-ons were double-dummy design. The program compared once-daily liraglutide injections with 3 widely used diabetes therapiesglimepiride, rosiglitazone, and insulin glargine-and 1 study also directly compared liraglutide with exenatide. [7] [8] [9] [10] [11] [12] In addition, one 26-week, randomized, parallel-group, open-label head-to-head trial with sitagliptin was performed. 13 The studies were designed to investigate the efficacy and safety of liraglutide at each step in the treatment continuum, from monotherapy to combination with 2 oral antidiabetic drugs in adults with type 2 diabetes. All but 1 of the studies had an active comparator. A substantial effect on A1c reduction, combined with significant weight reduction and low risk for hypoglycemia, was consistently shown. conducted a meta-analysis of the Liraglutide Effect and Action in Diabetes (LEAD) trials using a composite endpoint (A1c < 7% with no weight gain and no hypoglycemia) to compare liraglutide to other agents from standard classes of antidiabetic therapy. 15 The composite endpoint at 26 weeks was attained in 40% of the liraglutide 1.8 milligram (mg) group, 32% of the liraglutide 1.2 mg group and 6%-25% of comparators (6% rosiglitazone, 8% glimepiride, 8% placebo, 11% sitagliptin, 15% glargine, and 25% exenatide). This is a clinically relevant endpoint, given that many antidiabetic therapies increase body weight and risk of Part D drug formularies, and drug formularies as defined by contracts with health plans or employers. This roundtable of thought leaders was invited to examine the case study of liraglutide [rDNA origin] injection (Victoza), a glucagon-like peptide-1 (GLP-1) receptor agonist approved by the FDA on January 25, 2010, with the indication as an adjunct to diet and exercise to improve glycemic control in adults with type 2 diabetes. 4 The label lists the following as "important limitations of use:"
• "Not recommended as first-line therapy for patients inadequately controlled on diet and exercise.
• Has not been studied sufficiently in patients with a history of pancreatitis. Use caution.
• Not for treatment of type 1 diabetes mellitus or diabetic ketoacidosis.
• Has not been studied in combination with prandial insulin." 4 Subsequent to the conduct of the executive roundtable, the warnings and precautions section of the label was updated in May 2011 regarding renal impairment, that "has been reported postmarketing, usually in association with nausea, vomiting, diarrhea, or dehydration which may sometimes require hemodialysis. Use caution when initiating or escalating doses of Victoza in patients with renal impairment." 4 After viewing the evidence from 6 clinical trials, roundtable participants offered their perspectives on the strength of the CER data reported in this case and how it would affect their decisions about the drug. In the phase 3 clinical trial program, the randomized portions of all phase 3a trials (LEAD 1-5) were double-blind (except the insulin glargine arm of LEAD-5), placebo-controlled (except LEAD-3), active-comparator (except LEAD-4), parallel-group studies. In addition, participants offered ideas for how continuing real-world CER might be valuable for future decisions about a drug post-launch.
Incorporating CER into Clinical Trials: Beyond the Norm
Launching a new drug into a therapy area that already contains existing effective treatments can be challenging. Without comparative effectiveness data that demonstrates how the new drug works versus those existing treatments, formulary decision makers may not see any compelling reasons to help them decide where or even whether to integrate the new drug into their formularies. The drug development process involves 4 general phases of human trials. Phase 1 trials administer the drug to a small number of healthy volunteers to study activity and safety. In phase 2 the focus is on effectiveness, and a few hundred volunteers with the disease of interest are treated. Phase 3 trials generally involve several thousand patients with the disease of interest, are the primary trials used for registration, and they evaluate both efficacy and safety. Phase 4 trials are done after the FDA has approved the drug for marketing and look at long-term efficacy and safety in real-world patients. Incorporating CER into the phase 3 development of a new
Bringing Liraglutide to Market: A CER Case Study
Need to Confirm RCT Findings in the Real World According to roundtable participants, when making a decision regarding whether and how to add a drug to the formulary, efficacy, safety, and cost are the most important considerations. If a new product comes to the market with strong differentiating data, including head-to-head trials, those data will improve access to the formulary. However, the concern remains that results in clinical trials do not translate into meaningful differences in the real world. It is critical that post-market data be made available as soon as possible after launch.
Decision makers want to be certain that what happened in the RCTs is also happening in their plans' memberships. Roundtable participants suggested that the manufacturer should therefore use opportunities to validate RCT results in real-world studies. The advantages and disadvantages of clinical trial data versus real-world data have been contrasted by a few recent publications on a general basis or, specifically, for diabetes. 20 As noted by Schneeweiss et al. (2011) , the role of efficacy data from clinical trials and comparative effectiveness data from observational studies changes over a drug's life cycle, with RCT and placebo trials more important in the early phases, and CER becoming more important late in phase 3 and particularly in phase 4 studies. 21 As Schneeweiss et al. point out, there are a number of methodological challenges in using post-marketing observational data for CER. These include bias such as confounding at the physician and patient level, sparse data during early marketing, and disease and data issues. Disease issues include the increased likelihood that first-in-class medications will be used in patients with more severe disease, and the long lag-time between product launch and the development of the disease in patients for a drug that is designed to prevent that disease. A number of data issues also are important and include the lag time for data to be available, lack of necessary granularity of information, and lack of data on suitable outcome measures. 21 A major initial challenge is selective prescribing (or channeling) when a new drug enters the market. Patients who are well controlled and tolerating existing agents are much less likely to be switched to a new agent than patients who are not. Therefore, these early patients are not likely to be representative of patients who will end up taking the drug later. 10 For example, when exenatide came to market, Segal et al. (2007) showed that early users (those who began taking exenatide in its first 3 months) had higher A1c levels and were more likely to have taken insulin and other oral antidiabetic drugs than patients who began exenatide 6 to 7 months after introduction. 22 Sparse data available close to launch causes several problems, including a small sample size and difficulty in controlling for bias due to small numbers.
hypoglycemia. The composite endpoint also aligns nicely with CER and is a reasonable way to compare antidiabetic therapies, yielding some indication of risk-benefit.
Because liraglutide caused dose-dependent and treatmentduration-dependent thyroid C-cell tumors at clinically relevant exposures in both genders of rats and mice, the liraglutide label has a boxed warning. It is not known whether liraglutide causes these tumors in humans, but liraglutide is contraindicated in patients with a personal or family history of medullary thyroid cancer and in patients with multiple endocrine neoplasia syndrome type 2. 4 No cases of medullary thyroid cancer were observed in patients treated with liraglutide in the 6 phase 3 clinical trials of 26-to 52-weeks duration.
Liraglutide also has a Risk Evaluation and Mitigation Strategies (REMS) program including an FDA safety warning on June 13, 2011, regarding the risk of thyroid cancer and pancreatitis with the recommendation to "observe patients carefully for signs and symptoms of pancreatitis (including persistent severe abdominal pain, sometimes radiating to the back, and which may or may not be accompanied by vomiting)" after use of liraglutide and after dose increases. 16 Additional interpretation of CER data for antidiabetic drugs in general and the GLP-1 agonists in particular, including liraglutide, were presented in the Agency for Healthcare Research and Quality (AHRQ) comparative effectiveness review on antidiabetic agents, released in March 2011. 17 This CER report included 5 studies with liraglutide as a comparator. For A1c reduction, 3 randomized controlled trials (RCTs) found "conflicting results" in comparison of sulfonylureas with liraglutide; 1 small RCT found no difference in A1c reduction, and the 2 larger RCTs favored liraglutide, but 1 of the 2 larger RCTs "underdosed the sulfonylurea [glibenclamide] arm." 17 The 3 RCTs were not combined in a meta-analysis due to dosing differences within and between studies. The small phase 2 RCT that found no difference in A1c reduction compared liraglutide (0.045 mg, 0.225 mg, 0.45 mg, 0.60 mg, or 0.75 mg) with glimepiride (1-4 mg); the changes in A1c were comparable with glimepiride at the 2 highest dosage levels of liraglutide. 18 The effect on glycemic control with liraglutide was superior to glimepiride in the other 2 RCTs. 9, 19 The larger RCT that "underdosed" the sulfonylurea was conducted in Japan and compared glibenclamide 2.5 mg per day with liraglutide at 0.9 mg per day. 19 Although 3 studies showed weight loss with liraglutide and weight gain with sulfonylurea, both relative to baseline body weight, the AHRQ CER found a 2-fold higher rate of adverse gastrointestinal events in liraglutide patients (50% vs. 26% for the sulfonylurea glimepiride) and rates of nausea, vomiting, and diarrhea approximately 2-3 times higher for liraglutide versus glimepiride, consistent with the known adverse effects profile of GLP-1 receptor agonists. toward the optimal therapy. A higher degree of personalization created by using an algorithm that predicts improved chances for response to therapy would improve health outcomes and, therefore, the value of the therapy. If differences are found in behaviors among the patients responding or not responding to therapy, such findings could be used to target behavioral programs and support patients at risk for inferior outcomes.
Opportunities for Additional Comparative Data
Even if a drug comes to market with a solid set of CER data, some roundtable participants felt that additional comparative data might even strengthen the case for the drug. For example, additional studies might show whether a new drug might benefit subpopulations, such as patients with previously inadequately controlled diabetes, or additional studies could pursue alternative combination therapies or other comparators. For example, participants suggested that studying the use of liraglutide plus insulin presented an interesting opportunity and relevance for use of the product outside of available clinical trial data. Rosenstock et al. (2011) recently presented data in a poster abstract that described evaluation of the addition of insulin detemir to patients on metformin and liraglutide 1.8 mg daily who had not achieved the A1c goal of < 7%. An additional 0.5% decrease in A1c was achieved, and 43% of the patients not at goal reached goal. Hypoglycemia rates were low and no major hypoglycemia events occurred. 25 Such data validated across large health plan populations would be useful.
The expectations of formulary decision makers frequently differ from those of regulators regarding the endpoints used in clinical studies and observational studies. Formulary decision makers note that A1c is still only a surrogate marker for adults with type 2 diabetes, and significant A1c reduction in a clinical study does not necessarily equate to satisfactory long-term control of diabetes and related negative cardiovascular outcomes, despite strong evidence that A1c reduction is associated with microvascular risk reduction.
The concept of disease modification might open a new, very attractive set of therapeutic opportunities. Studies on disease progression, disease reversion, beta-cell function and insulin sensitivity would be of major interest for all stakeholders in the field of type 2 diabetes, including patients with pre-diabetes, providers, policymakers, and payers.
Another interesting opportunity recognized by the thought leaders addressed whether the accrual of outcomes (such as cardiovascular improvement in type 2 diabetes) could be shown to outweigh the increased drug costs. This is particularly an issue since the direct drug cost of GLP-1 receptor agonists such as liraglutide is much higher than the oral agents used to treat type 2 diabetes. Such data would definitely support price and reimbursement decisions. The LEADER (Liraglutide Effect Schneeweiss et al. propose several solutions to these problems. 21 Although most pre-marketing clinical trials use placebo controls, more are being done with active comparators as well, as was the case with liraglutide and the LEAD trial program. Simulations using simulation software may also be of value. Some health plans, such as Kaiser Permanente, use software such as Archimedes in making coverage decisions when data are limited.
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The roundtable participants came to the conclusion that observational studies using large health care databases to assess treatment effectiveness in patients encountered in day-to-day clinical practice can complement RCTs that are conducted prospectively in multiple sites with large patient numbers. Use of outcomes from observational studies, which include larger and more diverse patient populations with common comorbidities and longer follow-up periods, can expand upon RCT data. Finally, identification of clinically important differences between therapeutic options and data on long-term drug effectiveness and safety can result from well-designed observational studies.
14 Although real-world data are considered to be important, initial formulary decisions for new products have to be made on the basis of the clinical trial results before additional real-world data become available. Likewise, economic data are important, but the majority of such data come from observations of realworld resource utilization and thus are not available at the time formulary decisions need to be made. For example, the incidence and importance of a drug's safety concerns, such as the boxed liraglutide label warning of thyroid cancer and the REMS program and recommendation for clinicians to monitor liraglutide initiation and dose increase for symptoms of pancreatitis, can only be judged after longer use in larger patient populations and will also be matters for real-world observation.
Approaches to better understanding of patient subpopulations are usually observed with interest by decision makers. The elderly are an important subgroup in diabetes, and data on liraglutide in this subpopulation are available. Data from a pooled analysis of 6 randomized, placebo-controlled multinational trials include data on 797 patients aged 65 years or older, or about 20% of the patient population. Between 57% and 67% of patients on liraglutide 1.2 mg and 1.8 mg per day reached their A1c goals with no difference in response between those less than 65 and older patients. There also was no difference in the amount of weight lost or in the nature and frequency of adverse events between the age groups. 24 If an algorithm for identifying patients with a high chance of good response were developed by this approach and could be used to triage patients based on their potential responses to the existing therapies, the approach to future therapy could be changed fundamentally. Using such an algorithm could drive patients and Action in Diabetes: Evaluation of cardiovascular outcome Results, NCT01179048) trial will address this with the primary composite outcomes of cardiovascular death, nonfatal myocardial infarction, and nonfatal stroke.
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With any drug, information on long-term use is desired. Whereas an RCT may provide such data, the results are often not available for 5 to 10 years after the launch of a drug. Evaluation of long-term outcomes using real-world data can often provide results much sooner. Not only do such data show long-term outcome trends, but they can be used to resolve safety issues such as the boxed warning for liraglutide and the additional label warning regarding renal impairment added 14 months after initial FDA approval. The decision makers want the option of proactively managing risks instead of having to react to them. Therefore, ongoing information concerning the safety of a drug is essential. However, it is clear that potential risks can be confirmed or countered only after many patients have been treated with the drug.
Recently Ahmann (2011) has summarized the data on new classes of antidiabetic drugs (incretin-based agents including dipeptidyl peptidase-4 [DPP-4] inhibitors and GLP-1 receptor agonists) and application of CER to drugs used to treat type 2 diabetes mellitus. Ahmann determined that ongoing CER can help guide individualized, patient-centered treatment of patients with type 2 diabetes mellitus and potentially reduce trial-and-error therapy. He also said that CER can help identify which treatments would be preferred for patient subgroups and in patients at high risk of developing specific adverse events.
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In the area of type 2 diabetes, for example, patients with renal impairment, cardiovascular disease and increased age may have been excluded from the clinical trial program, but they are prevalent patient types. Data documenting the positive impact of a therapy on health and cost outcomes in patients with multiple morbidities can support the drug's placement in the formulary and provide useful information to those patient groups and their health care providers. As Ahmann suggests, the best way to make CER useful in diabetes is to further encourage head-to-head clinical and observational studies to generate high-quality evidence that can be incorporated into CER evaluations.
■■ Conclusions Liraglutide came to the market with unusually robust data demonstrating clinical comparative efficacy and safety. The thought leaders involved in the roundtable discussion agreed that well-planned trial designs that result in a broad range of relevant data, such as that presented for liraglutide, can provide a good basis for the decision maker. There are frequently challenges due to the lag time between trial design, completion and market availability. New competitors into the marketplace and Authors changes in treatment guidelines sometimes make it difficult to obtain relevant CER data.
Based on the roundtable discussion, the thought leaders had several recommendations for any manufacturer implementing CER. First, manufacturers should translate clinical and CER data into tools that will enable decision makers to create effective benefit designs and make good formulary decisions. Second, manufacturers should be proactive in communication with all stakeholders, including decision makers, keeping them informed of further developments, information, or new evidence gathered, especially with safety issues. Manufacturers should pursue opportunities to validate data from the RCT program in the real world. Manufacturers should pursue methods to better identify patients who will best respond to their products. And finally, the roundtable participants recommend that manufacturers perform CER along the lines envisioned by the federal government.
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